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ABSTRACT 

The up-turn in Euclidean normalised source counts 
below lmJy at 1.4 GHz is well established in many 
deep radio surveys. There are strong reasons, ob- 
servationally and theoretically, to believe that this 
up-turn is due to strong evolution of the starform- 
ing population up to z=2. However this hypothesis 
needs further confirmation spectroscopically and the 
examples in the literature are sparse. Theoretically 
the up-turn is well modelled by the evolution of the 
local radio starforming population and is consistent 
with the up-turn seen in recent mid-infrared source 
counts at 15 /xm {ISOCAM) and 24 /im (Spitzer) and 
the tight correlation of the radio and MIR Luminosi- 
ties of starforming galaxies. 
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Figure 1. 20cm source counts from the literature 
showing the up-turn at sub-mjy flux densities and 
the models of two populations: AGNs and starform- 
ing galaxies. 



1. INTRODUCTION 



Early radio surveys were dominated by very distant, 
and hence very luminous, sources which could only 
be powered by very energetic processes. It is now 
accepted that this process is accretion of in-falling 
material onto a super-massive blackhole (and often 
accompanied by large-scale radio jets). As sensitiv- 
ities improved many normal galaxies were detected 
in the radio. Here the radio emission is thought to 
be due from star formation (ie s ynchrotron radiation 
and HII regions, lGondonlll99l . 



2. 20CM FAINT SOURCE COUNTS 

Euclidean normalised source counts (ie S' 2 ' 5 xdN/dS) 
have for a long time sho wn an up-turn below lmJy 
l|Windhorst et al II 1990(1 . This is now well charac- 
teri sed by many surveys (see Fig HI . Current mod- 
els llKing fc Rowan-Robinsorl l2004t ISevmour et all 
120041) explain this as the emergence of a rapidly in- 
volving starforming population. This idea is sup- 
ported by the rapid rise in the starformation rate 



density (as derived from ob servations at many wave- 
lengths, eg Hopkins! I2004D . Additionally, the sim- 
ilar rapid evolu t ion o f source cou n ts in the MIR 
i|Annleton et all 12004 iPozzi et all 12004ft and the 
well-known correlation of the IR and radio lumi- 
nosities of starforming galaxies suggests that star- 
formation is the major radio emission process of the 
faintest radio sources. However the contribution of 
AGN in the radio below lmJy is not well known as 
a) there are few direct observations of un-ambiguous 
AGN at faint flux densities and b) the reason why 
only 10% of AGN are strong radio emitters is not 
well understood (although there are now some more 
sophi sticated models around, eg Uarvis fc Rawlingl 
2004). The simple picture of two unrelated popula- 
tions (AGNs and starforming galaxies) is most likely 
not true, especially if AGN activity is triggered by 
mergers which also induce starformation. The ex- 
act contribution to the source counts from AGN and 
starforming galaxies can only be determined from di- 
rect observations of the individual radio sources over 
the full SED range. 
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3. THE 13HR ROSAT /XMM SURVEY 

Our survey ijSevmour et all l2004|) is one of many 
(eg GOODS, COSMOS etc.) with deep radio obser- 
vations complimented by deep observations at many 
other wavelengths. Crucially these all have deep X- 
ray, optical & IR data which is vital in determining 
the true nature of the radio emission. Very prelimi- 
nary analysis of the 13hr ROSAT / XMM Survey indi- 
cates that the faint radio population may, indeed, be 
due to starformation. This hypothesis is suggested 
by the increase of radio-loudness (SWrn/Sii) with 
increasing redshift and increasing luminosity for the 
non-AGN population. This result can be explained 
by the fact that more luminous starbursts, more com- 
mon in the past, suffer from higher optical extinction 
due to more dust. AGN show a similar trend, but 
are clearly offset from the starforming population. 

The identifications of starforming galaxies will be 
essential in determining the evolution of this pop- 
ulation and their contribution to the evolution of 
the starformation density rate which is of partic- 
ular importance as radio is an unbiased tracer of 
starformation (in the absence of an AGN contribu- 
tion). Another possibility is that very distant, steep 
radio spectrum AGN maybe contribute slightly to 
the faint radio source population (eg sources with 
L20cm ~ 10 24 , AGNs, can be detected out to z ~ 7 
in our sample). 



4. EVOLUTION OF STARFORMING RA- 
DIO LUMINOSITY FUNCTION 



As an example of what can begin to be done we 
present a sample of faint radio sources with optical 
spectra (^ocm > 30/iJy & R < 21.8) where we have 
weeded out strong AGN (ie by using the optical spec- 
tra, X-ray luminosity/spectra or radio morphology). 
We can then use this sample to derive an evolving 
starforming radio luminosity function which we can 
compare to various models. We continue with the 
caveat that a few sources may be contaminated by 
weak AGN. A more robust separation of AGN activ- 
ity and starformation will be aided when the Spitzer 
data is available and we have a full SED. Spitzer is 
sensitive enough that it is likely to detect all the ra- 
dio sources, even those without optical counterparts. 

The luminosity function is derived using the stan- 
dard l/V m ax method where V max is the accessible 
volume determined by the two detection limits and is 
presented in Fig[2 The number of objects in each bin 
and their mean redshift are indicated for each point. 
Objects in successively more luminous bins lie at suc- 
cessively higher redshifts. The solid sh ows the local 
starfo rming radio luminosity function ijSadler et all 
2002) and the dotted lines represent this luminosity 
function at the redshift of each bin with luminosity 
evolution of the form L(z) oc ( 1 + z) 2,7 and d ensity 
evolution of p{z) oc (1 + z) 015 (|Hopkinsl 1200^) . 
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Figure 2. Evolving starforming luminosity function 
as derived from our current data. The numbers at the 
top of the plot indicate the number of sources and the 
mean redshift of each bin. The local luminosity func- 
tion (solid line) and successive luminosity functions 
at the redshifts indicated ( dashed line ) are plotted us- 
ing the best fit evolution parameters. 

5. DISCUSSION 

The evolution of the luminosity function in Fig [21 is 
well fitted by the evolution presented (despite the 
clear incompleteness of the sample at high and low 
luminosities). However many different models and 
different combinations of density and luminosity evo- 
lution could fit the data presented here. Hence we are 
in the process of determining redshifts (spectroscopic 
and photometric) of optically fainter radio sources 
to create a larger sample. Using this sample we will 
be able to break the degeneracy of different models 
and the relative importance of luminosity and den- 
sity evolution by accurate determination of the non- 
local luminosity function, the source counts and the 
starformation density rate. 
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